A new effect producing self-focusing of light in a nematic MBBA film is reported. This effect produces a static diffraction pattern composed of circular rings which is different from the ones arising from self-focusing previously reported. The influence of the cell thickness, the optical intensity, and the wavelength is studied. Once the nematic is distorted by a láser beam, the effect produced in other light beam passing through the modified región is independent of its polarization. This isotropic behavior shows that a molecular reorientation has not been produced. The origin of this effect seems to be the same of that of the effect which produces a randomly oscillating diffraction pattern previously reported by our group. Some possible causes such as thermal indexing, convective instabilities and self-induced transparency are discussed.
I. INTRODUCTION
Self-focusing and self-trapping of light have been among the most intensively studied topics in the field of Nonlinear Optics.
1 ' 2 In particular self-focusing in nematic liquid crystals has been early obtained both in isotropic 3 and nematic 4 phases. Its origin has always been a molecular reorientation induced by the optical field. The particular feature of self-focusing in nematics is a very peculiar ring-shaped tPaper presented at the llth International Liquid Crystal Conference, Berkeley, CA, 30 June-4 July, 1986.
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MENÉNDEZ-VALDÉS and MARTIN-PEREDA diffraction pattern 1 ' 5 ' 6 originated from sharp transversal inhomogeneities. This effect has been employed in transverse optical bistability 7 and opto-optical modulation. 8 In this last case, the modulated beam must be extraordinary (i.e., polarized as the modulator) because the distortion of the optical axis produce changes only in the phase index of the extraordinary wave. However, experiments with MBBA, as a nematic material, have shown that a weak modulation can also be produced on an ordinary beam. This effect was attributed to a thermal origin and also to a misalignment between both beams which could yield an extraordinary component on the beam.
A new interesting question was outlined when a quasi-chaotic diffraction pattern was observed in MBBA. Over a certain intensity threshold, a new diffraction pattern appeared superimposed on the one due to reorientation. This new diffraction pattern had a much wider angular aperture than the previous one, showing that the modified portion of the liquid crystal was smaller or had a sharper transversal variation. Moreover, the diffraction rings oscillate chaotically, modifying the relative intensity among them. This effect was first observed in homeotropic and hybrid films of MBBA, 10 and also reported for cylindrical homeotropic structures. 11 The origin of this effect has been discussed in Ref. 11 , and a self-induced transparency of MBBA was suggested. The unstable motion was attributed to the variation of the position of the beam waist-and henee of the bleached región-along the axis, due to the induced refractive index variation. There were, however, several aspeets which were not clear, and had to be more carefully studied. In particular, another low intensity láser beam passing through the affected región of the sample was diffracted by it, independently of its polarization, indicative of a non reorientational origin. This fact suggested to isolate it from the reorientation effect in order to study it separately. This can be done by reducing sample thickness.
Such a study is reported in this paper. By reducing molecular reorientational effeets in the samples, a static, large aperture diffraction pattern can be observed. Different regions for static, unstable and reorientation effeets are delimited depending on láser intensity, cell thickness and wavelength. The origin of this effect is discussed.
II. EXPERIMENTAL CONDITIONS
The experiments were carried out as shown in Figure 1 whereas an He-Ne unpolarized láser 'beam was used as a probé in some experiments. To observe the self-induced diffraction pattern, the He-Ne láser is switched off, and the interferential filter removed. A polarizer may optionally be located at the output to analyze the polarization of the diffracted beam.
Both láser beams are focused at the nematic by the same lens. Their waists are not coincident because of the lens chromatic dispersión; however, the nematic región distorted by the argon-ion láser beam is transversed by both beams, coaxially superimposed. Henee, it is inspected by the He-Ne probé beam, which is isolated by the filter afterwards. The polarizer in the He-Ne beam path selects either parallel or perpendicular polarization with respect to the Ar + beam, thus testing the induced birrefringence.
Two nematics have been used, namely MBBA and 5CB. Our MBBA had traces of some impurities and was slightly darker, and henee more absorbing, than puré MBBA. As will be shown later, 5CB was employed in order to clarify the difference between the single reorientation observed in it and some other effeets obtained in MBBA.
Several cell thicknesses have been used for MBBA. Most of the previously reported works use cell thicknesses over 100 |Jim, since, in this way, molecular reorientation is easier to achieve at relatively low powers. In our case, we are trying to minimize this molecular reorientation. Henee, thinner cells, ranging from 10 to 75 ¡xm were employed. Homeotropic alignment, induced by chemical pretreatment with HTAB, was used in all cases.
The spatial distribution of light intensity was monitored with a Charge Coupled Device (CCD) and registered on an oscilloscope screen. An optical attenuator (optical density 3) was used in order to protect the CCD from the high láser power.
III. EXPERIMENTAL RESULTS
In order to compare the new observed effeets, the diffraction pattern produced by the self-focusing of a láser beam in a 100 |xm thick 5CB homeotropic cell, where just the reorientation effect is present, has been obtained. Figure 2(a) shows the diffraction pattern due to a weak reorientation in the cell and Fig. 2(b) its spatial intensity distribution as obtained from the CCD. The narrow peaks that appear are due to interference fringes produced by the optical attenuator. Figure 3 (a) shows a completely different diffraction pattern observed in a 36 (xm film of MBBA. It is composed of two different sets of perfectly circular static rings. When the láser power increases, the thinner rings broaden. The angular aperture of the diffracted beam is considerably wider than in the case of molecular reorientation. Moreover, the effect is obtained at rather lower intensities. Indeed, Fig. 3(a) was obtained at 600 w/cm 2 in a 36 |xm MBBA sample, while Fig. 3(b) is a reorientational pattern obtained at 15 kw/cm 2 in a 100 (xm 5CB sample. The threshold intensity at which this self-focusing arises shows an inverse dependence on the cell thickness. In the above mentioned case (36 |xm) its valué is 240-300 W/cm 2 for k ranging between 414.5 and 476.5 nm. However, a 12 |xm sample requires about 1.5 kw/cm 2 and just 110-145 W/cm 2 are needed for a 50 [xm cell at the same wavelengths. Going to higher valúes of the thickness, this effect is not present, at least as clearly as for smaller valúes. Reorientation is observed instead. Another fact needs to be pointed out. The diffraction pattern is slightly different for every thickness. In thin samples (10 to 15 |xm) the beam divergence is high, but the annular shape only appears as a slight modulation on an almost homogeneous diffraction pattern. In samples with an intermediate thickness (30 to 40 |xm) the diffracted beam shows, as it can be seen in Figure 3(a) , a set of very regular rings. The beam divergence is higher than above. In both cases, if the polarization of the diffracted beam is analyzed, a conoscopic interference pattern of uniaxial media, as shown in Figure 4 , is obtained with an output polarizer placed perpendicular to the incident beam polarization.
The previously reported 1011 chaotic behavior appears above a certain threshold. A picture of the observed diffraction pattern is shown in Figure 5 . Unfortunately, most of the oscillating rings cannot be seen in photographs. However, radial segments are observed in some places, corresponding to prints leaved by some of the moving rings. When this chaotic state is present, the conoscopic cross interference pattern of uniaxial media is again observed if the sample is placed between crossed polarizers. These instabilities are not observed in very thin (less than 20 jim) films. In 20 to 30 (xm thick films, the effect is metastable: the static diffraction pattern finally appears after 1 or two minutes. In the thickest films used (i.e. 50 to 70 |im), and for intensities below the one causing the unstable effect, the diffraction pattern is typical for reorientation effect. However, only one, or at the most two rings are present before the transition to the chaotic state. The rate of the random oscillations increases as intensity does.
Finally, a new static diffraction pattern ( Figure 6 ) becomes apparent at about 200 w/cm 2 for a 50 |xm thick sample and about 240 w/cm 2 for a 36 |xm one, at 25°C. This threshold intensity becomes lower for higher temperatures. The pattern size now decreases for increasing intensities, indicating that the nonlinear effect becomes saturated: increasing the intensities does not produce sharper transversal inhomogeneities, but wider affected regions. In the thinnest films, where no chaotic motion is present, saturation arises directly from the static self-focusing.
The above results have been obtained for \ = 514.5 rnti in all the cases where wavelength has not been expressly indicated. Moreover, there is a strong wavelength dependence of these effeets. For instance instabilities do not appear for the 632.8 nm He-Ne radiation, using the same or even higher intensity densities. The shorter the wave- length, or the thicker the film, the lower the intensity at which the transition to the chaotic behavior is produced. A summary of these results is given in Figure 7 (a) for a 36 |xm sample and in Figure 7 (b) for 50 (Jim. The wavelengths studied correspond to Ar + and He-Ne lines, i.e., 457.9, 476.5, 488, 496.5, 414.5 and 632.8 nm. A tentative state diagram is given.
Molecular reorientation can be checked using the probé He-Ne láser of Figure 1 . If reorientation is present, the probé beam is not diffracted when it is polarized perpendicularly to the Ar + beam polarization. In this case, only the ordinary index is "seen" by the probé, and so inhomogeneities are not detected. This can be clearly observed for samples having a thickness above 50 |xm. The probé is modulated only when its polarization is parallel to the one of the disturbing beam.
Below this thickness, or under chaotic behavior, there is not an appreciable difference between diffraction of parallel and orthogonal polarized probé beams. The chaotic motion, however, cannot be observed in the probé beam. Moreover, the probé beam between crossed polarizers does not show the conoscopic cross interference in the región of static diffraction, but it does it in the región of random motion. Both effeets can be attributed to the location of the probé beam waist outside the distorted región due to chromatic aberration of the lens.
IV. DISCUSSION OF RESULTS
The observed conoscopic cross interference as well as the experiments with a probé beam, show that reorientation has not been produced when our diffraction pattern is present. Similar results have been obtained when the diffraction pattern becomes unstable. This suggests the same origin for both effects. In this way, in samples below 50 |xm, the new effect arises at a certain intensity depending on the cell thickness and the wavelength used. Increasing the intensity causes the effect to become unstable and, finally, to satúrate at even higher intensities (numerical data have been given above). When thicknesses over 50 |xm are employed, reorientation effects can be observed. The new effect arises then only in its unstable form. This is because reorientation is dominant up to the threshold intensity at which instabilities appear. Saturation arises at higher intensities.
The large apertures of the observed diffraction patterns indicate that the origin cannot be a thermal indexing. The heat conduction and convection would induce, in the steady state, smooth transversal inhomogeneities which would yield a certain broadening of the beam, but never such diffraction pattern.
Convective instabilities with cylindrical symmetry have been suggested as another possible origin. As is known, convection equilibrium is reached after a certain time, domains being its final result. However, the response time, as measured by us, is about 2.2 ms for a 36 |xm thick cell. This time is much shorter than conventional convective times. Moreover, an anular shaped convective domain with cylindrical symmetry should have radial molecular flow. Under these circumstances, a linearly polarized láser beam should "see" only the ordinary refractive index along a diameter perpendicular to the polarization direction. Any other direction should have an extraordinary component. Therefore, the diffraction pattern would not present circular symmetry. Henee, this solution is not possible.
Any tentative approach to the origin of the effect needs to justify a sharp refractive index variation inside the cell. As this variation does not come from reorientation, one has to suppose that the material has strongly changed its optical properties. This change might be produced by molecules electronic excitation, phase transitions or thermally induced chemical or photochemical alterations. These three possible causes need to be analyzed in a future work. 
V. CONCLUSIONS
A new type of self-focusing in homeotropic samples of MBBA has been reported. The result is a new static diffraction pattern composed of circular rings with a different intensity distribution than the one that interpretations involving thermal indexing and convective instabilities are not in good agreement with the results. A sharp variation in the optical properties of a small región at the beam waist has been suggested to be due to electronic excitation, chemical alteration, or phase transition. New experiments in order to discern the adequate solution are in progress in our group.
